INTRODUCTION
Ground vibrations generated by rail and road traffic can disturb residents of nearby buildings and can even cause structural damage to properties in especially severe cases. A simple and efficient way to reduce ground vibrations from railways or road traffic is to influence the propagation path from source to receiver by introducing seismic barriers. The advantage of interventions on the propagation path is that no modifications of the track or road are required. Several types of seismic barriers have been proposed in the past to protect buildings from traffic-induced ground vibrations, mainly from propagating Rayleigh surface waves. Among such barriers are trenches (both open and in-filled) 1-8 , large concrete blocks embedded in the ground [9] [10] [11] , rows of vertical piles [12] [13] [14] [15] , periodic arrays of vertical holes 16 , heavy masses placed on the ground surface 17, 18 , etc.
Theoretical predictions of Rayleigh wave propagation through such barriers are extremely difficult. Analytical solutions are possible only for a limited number of cases, for example for very shallow trenches 19 . In the majority of practical situations though, in particular for deep trenches, the only methods of theoretical prediction are numerical approaches, which require much of computation time. For that reason, in order to obtain a reliable prediction of the behaviour of seismic barriers in specific locations, a typical practical solution is to use direct experimental measurements on real size seismic barriers at frequencies typical for traffic-induced ground vibrations, i.e. at 10-100 Hz 11, 20, 21 . Unfortunately, such direct measurements are costly and time consuming.
In the present paper, an alternative and much less expensive approach to a full-scale experimental testing is proposed. This is reduced-scale experimental modelling using ultrasonic Rayleigh wave propagation over very small-scale replicas of real seismic barriers.
The principle of reduced-scale ultrasonic modelling is based on the fact that scattering of Rayleigh waves on topographic irregularities depends on the values of non-dimensional parameters, such as h/λ R , where h is one of the dimensions of the irregularity, for example depth, and λ R = v R /f is the Rayleigh wavelength, where v R is Rayleigh wave velocity in the solid medium, and f is frequency. If to increase frequency f of the incident wave from sound to ultrasound, which will reduce λ R from a few meters to a few millimetres, then the same values of h/λ R , and thus the same behaviour of the seismic barrier, can be achieved for the values of h in the range of few millimetres. This constitutes a major achievement of ultrasonic modelling, namely that propagation of Rayleigh waves over real seismic barriers can be modelled in a much smaller scale by propagation of ultrasonic Rayleigh waves over very small replicas of seismic barriers made on the surfaces of experimental solid samples.
Note that very similar problems are considered in ultrasonic non-destructive testing with regard to identification of parameters of cracks and other defects (see e.g. Refs. [22] [23] [24] [25] .
It should be noted that, whereas material damping is important for description of propagation of ground vibrations over long distances (hundreds of meters), it is insignificant if the problems of scattering of ground vibrations on seismic barriers are considered, which is the case investigated in this paper. Therefore, material damping can be ignored in reducedscale experimental samples, and it does not matter what material (metal or plastic) is used for ultrasonic modelling purposes.
In the present work, we describe the methodology of the approach and the results of the experimental investigations of propagation of Rayleigh wave pulses with the central frequency of 1 MHz, which corresponds to the scaling factor of about 1:1000, over arrays of periodic vertical holes earlier investigated in the full-scale experiments carried out in the real ground 16 .
The small-scale replicas of real seismic arrays have been made on the surfaces of Aluminium rectangular blocks having the dimensions of 350x250x20 mm (each of these blocks can be considered as an elastic half space for Rayleigh waves at frequencies around 1 MHz). The results of the measurements of transmission and reflection coefficients of ultrasonic Rayleigh waves over the above-mentioned reduced-scale replicas of periodic
arrays of vertical holes demonstrate that the proposed approach is simple and efficient, and it helps to quickly evaluate the ability of a particular seismic array to suppress the transmitted Rayleigh waves. Part of the material described in this paper has been presented at the conference on noise and vibration engineering 26 .
MANUFACTURING OF EXPERIMENTAL SAMPLES
The 
EXPERIMENTAL SETUP
The laboratory arrangement used for measurements of transmission and reflection 
EXPERIMENTAL RESULTS AND DISCUSSION
One of the aims of this investigation was to reproduce in a small scale the full-scale experimental measurements carried out in the real ground on Rayleigh wave transmission through periodic arrays of vertical holes 16 , also termed 'seismic metamaterials' or 'seismic crystals'.
In the first step of the measurements, the transmitter and the receiver were placed in the 
CONCLUSIONS
It has been demonstrated in this paper that reduced-scale ultrasonic modelling of Rayleigh Regarding the specific measurements on a number of Aluminium samples modelling the periodic arrays of vertical holes with different geometrical parameters, it can be concluded that, for the parameters used in the experiments, periodic arrays of vertical holes provide rather moderate suppression of transmitted Rayleigh waves.
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